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1
SEMICONDUCTOR DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. § 119 to Korean Patent Application
No. 10-2015-0111840, filed on Aug. 7, 2015, 1n the Korean
Intellectual Property Ofhice, the disclosure of which 1s
hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

The 1nventive concepts relate to semiconductor devices.

Semiconductor devices may 1include various kinds of
semiconductor devices. For example, semiconductor
devices may 1nclude semiconductor memory devices, semi-
conductor logic devices, and 1mage sensors. The image
sensors are semiconductor devices capable of converting an
optical image 1nto electrical signals. The 1image sensors may
be categorized as any one of charge coupled device (CCD)
type 1mage sensors and complementary metal-oxide-semi-
conductor (CMOS) type image sensors.

As the semiconductor devices including the 1image sensors
have been highly integrated, reliability of the semiconductor
devices may be deteriorated.

SUMMARY

Embodiments of the inventive concepts may provide
semiconductor devices capable of improving reliability.

In some embodiments, a semiconductor device may
include a pad disposed on a semiconductor layer, an 1nsu-
lating layer disposed between the semiconductor layer and
the pad, a through-via penetrating the semiconductor layer
and the msulating layer so as to be connected to the pad, and
an 1solation layer penetrating the semiconductor layer. The
isolation layer may surround the pad when viewed from a
plan view.

In some embodiments, the i1solation layer may include
first 1solation layers extending in a first direction and
arranged 1n a second direction intersecting the first direction,
and second 1solation layers extending in the second direction
to 1intersect the first 1solation layers. The first 1solation layers
may be spaced apart from each other 1n the second direction,
and the second isolation layers may be spaced apart from
cach other 1n the first direction. The 1solation layer may have
a grid structure when viewed from a plan view.

In some embodiments, the semiconductor layer may
include unit regions defined by the isolation layer, and the
unit regions may be arranged in a matrix form.

In some embodiments, the unit regions may include first
unit regions and second unit regions. The through-via may
be disposed 1n each of the first unit regions of the semicon-
ductor layer but may not be disposed in the second unit
regions of the semiconductor layer. The number of the first
unit regions may be smaller than the number of the second
unit regions.

In some embodiments, one or more through-vias may be
disposed 1n one of the first umt regions.

In some embodiments, one through-via may be disposed
in each of the first unit regions.

In some embodiments, the semiconductor device may
turther include an additional 1solation layer penetrating the
semiconductor layer and surrounding the through-via. The
additional 1solation layer may be disposed between the
through-via and the 1solation layer.
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In some embodiments, the semiconductor layer may
include a pixel area and a pad area around the pixel area. The
pad may be provided in plurality on a first surface of the
semiconductor layer of the pad area, and the plurality of
pads may be arranged to surround the pixel area when
viewed from a plan view.

In some embodiments, the semiconductor device may
further include an interconnection structure disposed on a
second surface, opposite to the first surface, of the semicon-
ductor layer. The interconnection structure may include a
metal interconnection, and the through-via may be 1n contact
with the metal interconnection.

In some embodiments, the semiconductor layer may
include a unit region defined by the 1solation layer. The pad
may include a first portion overlapping with the unit region
ol the semiconductor layer, and a second portion not over-
lapping with the unit region of the semiconductor layer. The
second portion of the pad may surround the first portion of

the pad when viewed from a plan view.

In some embodiments, the semiconductor layer may
include a first portion on which the pad i1s disposed, and a
second portion around the first portion. The first portion of
the semiconductor layer may have an 1sland shape separated
from the second portion of the semiconductor layer by the
1solation layer.

In another aspect, a semiconductor device may 1nclude a
semiconductor layer including a pixel area and a pad area
around the pixel area, a pixel 1solation layer penetrating the
semiconductor layer of the pixel area to define unit pixel
regions, photoelectric conversion elements disposed 1n the
unit pixel regions, through-vias penetrating the semiconduc-
tor layer of the pad area, pads disposed on the semiconductor
layer of the pad area so as to be in contact with the
through-vias, and a pad 1solation layer penetrating the semi-
conductor layer of the pad area to surround each of the pads
when viewed from a plan view.

Some embodiments of the present inventive concept
include a semiconductor device that includes a pixel 1sola-
tion layer that penetrates a pixel area of a semiconductor
layer and that 1s between a plurality of umit pixel regions 1n
the pixel area, a plurality of through-vias that penetrate a pad
area of the semiconductor layer that 1s different from the
pixel area; a plurality of pads that are 1n contact with ones
of the plurality of through-vias; and a pad 1solation layer that
penetrates the semiconductor layer of the pad area and that
surrounds ones of the plurality of pads when viewed from a
plan view.

Some embodiments further include a plurality of photo-
clectric conversion elements that are i1n the unit pixel
regions. In some embodiments, the pad area 1s around the
pixel are and the plurality of pads are on a first surface of the
semiconductor layer of the pad area and are arranged to
surround the pixel area when viewed from a plan view.
Some embodiments further include an interconnection struc-
ture that 1s on a second surface of the semiconductor layer
that 1s opposite the first surface of the semiconductor layer
and that comprises a metal interconnection that contacts
ones of the plurality of through-vias.

In some embodiments, the pad 1solation layer comprises
first 1solation layers that extend in a first direction and that
are arranged 1n parallel with one another and second 1sola-
tion layers that are extend in a second direction that 1s
different from the first direction and that intersect the first
1solation layers. Some embodiments further include an 1nsu-
lating layer that 1s between the semiconductor layer and the
plurality of pads.
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It 1s noted that aspects of the inventive concept described
with respect to one embodiment, may be incorporated 1n a
different embodiment although not specifically described
relative thereto. That 1s, all embodiments and/or features of
any embodiment can be combined in any way and/or com- >
bination. These and other objects and/or aspects of the
present inventive concept are explained in detail in the
specification set forth below.

BRIEF DESCRIPTION OF TH. 10

(Ll

DRAWINGS

The inventive concepts will become more apparent in
view ol the attached drawings and accompanying detailed
description.

FIG. 1 1s a plan view 1llustrating a semiconductor device
according to some embodiments of the inventive concepts.

FIG. 2 1s a plan view 1llustrating a semiconductor device
according to some embodiments of the mventive concepts.

FIG. 3 1s a cross-sectional view taken along a line I-I' of 5,
FIG. 1 or 2 to illustrate a semiconductor device according to
some embodiments of the inventive concepts.

FI1G. 4 1s a cross-sectional view taken along the line I-I' of
FIG. 1 or 2 to illustrate a semiconductor device according to
some embodiments of the inventive concepts.

FIG. 5 1s a plan view 1llustrating a semiconductor device
according to some embodiments of the mventive concepts.

FIG. 6 1s a cross-sectional view taken along a line II-IT' of
FIG. 5 to 1illustrate a semiconductor device according to
some embodiments of the inventive concepts.

FIG. 7 1s a plan view 1illustrating a semiconductor device
according to some embodiments of the inventive concepts.

FIG. 8 15 a cross-sectional view taken along a line I1I-11I
of FIG. 7 to illustrate a semiconductor device according to
some embodiments of the inventive concepts.

FIGS. 9A to 9D are cross-sectional views taken along the
line I-I' of FIG. 1 or 2 to illustrate some embodiments of
methods of manufacturing the semiconductor device illus-
trated in FIG. 3.

FIGS. 10A to 10E are cross-sectional views taken along
the line I-I' of FIG. 1 or 2 to illustrate some embodiments of
methods of manufacturing the semiconductor device 1llus-
trated in FIG. 3.

FIGS. 11A to 11D are cross-sectional views taken along 45
the line I-I' of FIG. 1 or 2 to illustrate some embodiments of
methods of manufacturing the semiconductor device 1llus-
trated i FIG. 4.

FIG. 12 1s a schematic plan view illustrating a semicon-
ductor device according to some embodiments of the inven-
tive concepts.

FIG. 13 1s an enlarged view of a portion ‘A’ of FIG. 12.

FIG. 14 1s a cross-sectional view taken along lines IV-1V'
and V-V' of FIG. 13 to illustrate a semiconductor device
according to some embodiments of the mventive concepts.

FIG. 135 1s a cross-sectional view taken along the lines
IV-IV' and V-V' of FIG. 13 to illustrate a semiconductor
device according to some embodiments of the mmventive
concepts.

FIG. 16 15 a plan view 1llustrating a semiconductor device
according to some embodiments of the mventive concepts.

FIG. 17 1s a cross-sectional view taken along lines VI-VI'
and VII-VII' of FIG. 16 to 1llustrate a semiconductor device
according to some embodiments of the mventive concepts.

FIGS. 18A to 18G are cross-sectional views taken along
the lines IV-1V' and V-V' of FIG. 13 to illustrate methods of
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manufacturing a semiconductor device according to some
embodiments of the mventive concepts.

L1

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The inventive concepts will now be described more fully
hereinafter with reference to the accompanying drawings, in
which example embodiments of the mventive concepts are
shown. The advantages and features of the mventive con-
cepts and methods of achieving them will be apparent from
the following example embodiments that will be described
in more detail with reference to the accompanying drawings.
It should be noted, however, that the inventive concepts are
not limited to the following example embodiments, and may
be implemented in various forms. Accordingly, the example
embodiments are provided only to disclose the mventive
concepts and let those skilled in the art know the category of
the inventive concepts. In the drawings, embodiments of the
inventive concepts are not limited to the specific examples
provided herein and are exaggerated for clarity. The same
reference numerals or the same reference designators denote
the same elements throughout the specification.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to limat
the invention. As used herein, the singular terms ““a,” “an”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. It will be
understood that the terms “comprises”, “comprising,”,
“includes™ and/or “including”, when used herein, specily the
presence of stated features, integers, steps, operations, e¢le-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

In addition, example embodiments are described herein
with reference to cross-sectional views and/or plan views
that are i1dealized example views. In the drawings, the
thicknesses of layers and regions are exaggerated for clarity.
Accordingly, variations from the shapes of the 1llustrations
as a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodiments
should not be construed as limited to the shapes of regions
illustrated herein but are to include deviations 1n shapes that
result, for example, from manufacturing. For example, an
ctching region 1llustrated as a rectangle will, typically, have
rounded or curved features. Thus, the regions illustrated in
the figures are schematic 1n nature and their shapes are not
intended to 1llustrate the actual shape of a region of a device
and are not mtended to limit the scope of example embodi-
ments.

FIG. 1 1s a plan view 1llustrating a semiconductor device
according to some embodiments of the inventive concepts.
FIG. 2 1s a plan view 1illustrating a semiconductor device
according to some embodiments of the inventive concepts.
FIG. 3 1s a cross-sectional view taken along a line I-I' of FIG.
1 or 2 to 1llustrate a semiconductor device according to some
embodiments of the mventive concepts.

Referring to FIGS. 1 to 3, a semiconductor device may
include a semiconductor layer 10, an 1solation layer 16
penetrating the semiconductor layer 10, a through-via 33
penetrating the semiconductor layer 10, and a pad 335 dis-
posed on the semiconductor layer 10. The pad 35 may be in
contact with the through-via 33.

The semiconductor layer 10 may be a single-crystalline
semiconductor substrate or an epitaxial layer formed by an
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epitaxial growth process. The semiconductor layer 10 may
include a first surface 10a and a second surface 105 that are
opposite to each other. The first surface 10a of the semi-
conductor layer 10 may correspond to a back surface of the
semiconductor layer 10, and the second surface 105 of the
semiconductor layer 10 may correspond to a front surface of
the semiconductor layer 10.

The 1solation layer 16 may be disposed in the semicon-
ductor layer 10. The 1solation layer 16 may penetrate the
semiconductor layer 10. In some embodiments, as illustrated
in FIG. 1 or 2, the isolation layer 16 may include first
1solation layers 16a extending i1n a first direction X, and
second 1solation layers 165 extending in a second direction
Y and intersecting the first 1solation layers 16a. The first
1solation layers 16a may cross the second 1solation layers
16b6. Thus, the 1solation layer 16 may have a grid structure
when viewed from a plan view. In some embodiments, the
isolation layer 16 may have the grid structure having a
polygonal shape or a circular shape. However, embodiments
of the mventive concepts are not limited to the shape of the
isolation layer 16. The 1solation layer 16 may have at least
one of other various shapes. The 1solation layer 16 may
include at least one of a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, and/or a poly-silicon layer,
among others.

The semiconductor layer 10 may include unit regions UR.
The unit regions UR may be defined by the first 1solation
layers 16a and the second isolation layers 165. The unit
regions UR of the semiconductor layer 10 may be arranged
in a matrix form when viewed from a plan view. The unit
regions UR may include first umit regions UR1 1n which the
through-vias 33 are disposed, and second unit regions UR2
in which the through-via 33 is not disposed.

As describe above, the through-via 33 penetrating the
semiconductor layer 10 may be provided. In some embodi-
ments, as illustrated in FIG. 1, one through-via 33 may be
disposed 1n each of the first unit regions UR1. In some
embodiments, as illustrated 1n FI1G. 2, one or more through-
vias 33 may be disposed 1n one first unit region UR1. For
example, a plurality of through-vias 33 may be disposed 1n
one first unmit region UR1. At this time, the plurality of
through-vias 33 disposed 1n one first unit region UR1 may
be spaced apart from each other. In some embodiments, the
number of the first unit regions UR1 may be smaller than the
number of the second umt regions UR2.

The through-via 33 may include a conductive material.
For example, the through-via 33 may include at least one of
copper (Cu), aluminum (Al), gold (Au), titantum (11), tan-
talum (Ta), and/or tungsten (W), among others.

An msulating layer 30 may be disposed on the first surface
10a of the semiconductor layer 10. The nsulating layer 30
may cover an entire portion of the first surface 10a of the
semiconductor layer 10. The insulating layer 30 may cover
a top surface of the i1solation layer 16, which 1s exposed at
the first surface 10a of the semiconductor layer 10. The
insulating layer 30 may electrically insulate the pad 35 from
the semiconductor layer 10. The insulating layer 30 may
include the same material as the 1solation layer 16. In some
embodiments, the insulating layer 30 may 1include a different
material from the 1solation layer 16. For example, the
insulating layer 30 may include at least one of a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, and/or
a high-k dielectric layer (e.g., a halnium oxide layer or an
aluminum oxide layer), among others.

The pad 35 may be disposed on the insulating layer 30.
The pad 35 may be 1in contact with the through-via 33 and
may cover a portion of the msulating layer 30. In some

5

10

15

20

25

30

35

40

45

50

55

60

65

6

embodiments, the pad 35 may be surrounded by the 1solation
layer 16 when viewed from a plan view. In some embodi-
ments, as illustrated 1n FIGS. 5 and 6, the pad 35 may
include a first portion P1 and a second portion P2. The first
portion P1 of the pad 35 may overlap with the unit regions
UR of the semiconductor layer 10. The second portion P2 of
the pad 35 may not overlap with the unit regions UR of the
semiconductor layer 10 and may surround the first portion
P1. The pad 35 may include a conductive material. For

example, the pad 35 may include at least one of copper (Cu),
aluminum (Al), gold (Au), titantum (11), tantalum (Ta),
and/or tungsten (W), among others.

An iterconnection structure 20 may be disposed on the
second surface 106 of the semiconductor layer 10. The
interconnection structure 20 may include msulating layers
and metal terconnections 22 which constitute a multi-
layered structure. The metal interconnections 22 may be
clectrically connected to a semiconductor integrated circuit
(not shown).

The through-via 33 may be connected to (e.g., 1n contact
with) the metal interconnection 22 included in the 1ntercon-
nection structure 20. At this time, the through-via 33 may
penetrate an upper portion of the interconnection structure
20 so as to be 1n contact with the metal interconnection 22.
Thus, the pad 35 may be electrically connected to the metal
interconnection 22 through the through-via 33.

FIG. 4 1s a cross-sectional view taken along the line I-I' of
FIG. 1 or 2 to illustrate a semiconductor device according to
some embodiments of the inventive concepts. In the
embodiments 1llustrated 1n FIG. 4, the same elements as
described 1n the embodiments of FIG. 3 will be indicated by
the same reference numerals or the same reference desig-
nators, and the descriptions to the same elements as 1n the
embodiments of FIG. 3 will be omitted or mentioned brietly
for the purpose of ease and convenience 1n explanation.

Referring to FIGS. 1 and 4, a semiconductor device may
include a first substrate 100, a second substrate 200 adhered
to the first substrate 100, a through-via 53 penetrating the
first substrate 100, and a pad 35 disposed on the first
substrate 100 so as to be connected to the through-via 53.

The first substrate 100 may 1include a semiconductor layer
10 and an interconnection structure 20. In some embodi-
ments, the first substrate 100 may include elements (e.g.,
transier gates) of a pixel circuit or may include memory
clements of a memory circuit. In some embodiments, the
first substrate 100 may include the elements (e.g., transfer
gates) ol the pixel circuit and logic elements driving the
clements of the pixel circuit. For example, the logic ele-
ments may include a vertical driving circuit, a column signal
processing circuit, a horizontal driving circuit, and/or a
system control circuit. In some embodiments, the first sub-
strate 100 may include the memory elements of the memory
circuit and memory logic elements driving the memory
clements.

The second substrate 200 may be stacked on the first
substrate 100. In detail, the second substrate 200 may be
disposed on the interconnection structure 20 with an adhe-
sive layer 51 interposed therebetween. In other word, the
adhesive layer 51 may be disposed between an insulating
layer of the first substrate 100 and the second substrate 200.
In some embodiments, the second substrate 200 may include
the logic elements (e.g., the vertical driving circuit, the
column signal processing circuit, the horizontal driving
circuit, and/or the system control circuit) for driving the
clements of the pixel circuit. In some embodiments, the
second substrate 200 may include the memory logic ele-
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ments for driving the memory elements. In some embodi-
ments, the second substrate 200 may be a dummy substrate.

The second substrate 200 may include a metal 1ntercon-
nection 42. In some embodiments, the metal interconnection
42 may be electrically connected to a semiconductor inte-
grated circuit included in the second substrate 20. The metal
interconnection 42 may be 1n contact with the through-via
53. Thus, the metal interconnection 42 may be electrically
connected to the pad 35 through the through-via 53.

FIG. 7 1s a plan view 1llustrating a semiconductor device
according to some embodiments of the mventive concepts.
FIG. 8 15 a cross-sectional view taken along a line III-1II' of
FIG. 7 to illustrate a semiconductor device according to
some embodiments of the inventive concepts. In the
embodiments 1llustrated in FIGS. 7 and 8, the same elements
as described 1n the embodiments of FIG. 3 will be indicated
by the same reference numerals or the same reference
designators, and the descriptions to the same elements as 1n
the embodiments of FIG. 3 will be omitted or mentioned
briefly for the purpose of ease and convenience 1n explana-
tion.

Referring to FIGS. 7 and 8, an 1solation layer 16 illus-
trated 1n FIGS. 7 and 8 may have a different structure from
the 1solation layer 16 illustrated in FIGS. 1 to 3. The
isolation layer 16 according to the present embodiments may
have a loop shape surrounding the pad 35 when viewed from
a plan view. In this case, the semiconductor layer 10 may
include a first portion 17a and a second portion 175. The pad
35 may be disposed on the first portion 17a of the semicon-
ductor layer 10, and the second portion 175 of the semicon-
ductor layer 10 may be disposed around the first portion 17a.
The first portion 17a of the semiconductor layer 10 may be
separated from the second portion 175 of the semiconductor
layer 10 by the 1solation layer 16. Thus, the first portion 17a
may have an island shape. A via isolation layer 56 may
penetrate the semiconductor layer 10 and may surround the
through-via 33. The via 1solation layer 56 may include a first
via 1solation layer 564 and a second via 1solation layer 56b.
The first via 1solation layer $6a may surround the through-
via 33, and the second via 1solation layer 566 may surround
the first via 1solation layer 56a. The second via 1solation
layer 560 may be disposed between the first via 1solation
layer 56a and the 1solation layer 16. The via 1solation layer
56 may include the same material as the 1solation layer 16
or may include a different material from the 1solation layer
16.

FIGS. 9A to 9D are cross-sectional views taken along the
line I-I' of FIG. 1 or 2 to illustrate some embodiments of
methods of manufacturing the semiconductor device illus-
trated i FIG. 3.

Referring to FIGS. 1 and 9A, a semiconductor layer 10
may be provided. The semiconductor layer 10 may be a
portion of a single-crystalline semiconductor substrate or
may be an epitaxial layer formed by an epitaxial growth
process. The semiconductor layer 10 may include a first
surface 10a and a second surface 105 that are opposite to
cach other. The first surface 10a of the semiconductor layer
10 may correspond to a back surface of the semiconductor
layer 10, and the second surface 105 of the semiconductor
layer 10 may correspond to a front surface of the semicon-
ductor layer 10.

A portion of the semiconductor layer 10 may be etched
from the second surface 105 to form an 1solation trench 14
in the semiconductor layer 10. The 1solation trench 14 may
have a gnd structure when viewed from a plan view. As
illustrated 1n FIG. 1 or 2, the 1solation trench 14 may include
first trenches 14a extending in the first direction X and
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second trenches 146 extending 1n the second direction Y to
intersect the first trenches 14a.

An 1solation layer 16 may be formed in the 1solation
trench 14. In detail, a filling material may be formed to cover
the second surface 104 and to fill the 1solation trench 14, and
an etching process may be performed on the filling material
to confinedly form the isolation layer 16 in the 1solation
trench 14. For example, the 1solation layer 16 may include
at least one of a silicon oxide layer, a silicon nitride layer, a
silicon oxynitride layer, and/or a poly-silicon layer, among
others. The first 1solation layer 16 may include first 1solation
layers 16a filling the first trenches 14a and second 1solation
layers 165 filling the second trenches 145. The 1solation
layer 16 may have a grid structure when viewed from a plan
VIEW.

An 1nterconnection structure 20 may be formed on the
second surface 106 of the semiconductor layer 10. The
interconnection structure 20 may include a plurality of
isulating layers and a plurality of metal interconnections
22.

Referring to FIGS. 1 and 9B, the first surface 10a of the
semiconductor layer 10 may be etched until the isolation
layer 16 1s exposed. For example, the semiconductor layer
10 after the etching process may have a thickness of several
um to several tens um. The etching process may be a
chemical mechanical polishing (CMP) process and/or an
etch-back process.

Retferring to FIG. 9C, an insulating layer 30 may be
formed on the first surface 10a of the semiconductor layer
10. The msulating layer 30 may cover an entire portion of
the first surface 10a of the semiconductor layer 10. The
isulating layer 30 may cover a top surface of the 1solation
layer 16. The insulating layer 30 may include the same
material as the 1solation layer 16 or may include a diflerent
material from the i1solation layer 16. For example, the
insulating layer 30 may include at least one of a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, and/or
a high-k dielectric layer (e.g., a hatnium oxide layer or an
aluminum oxide layer), among others.

Reterring to FIG. 9D, a via-hole 32 may be formed 1n the
semiconductor layer 10. In some embodiments, a mask
pattern (not shown) may be formed on the insulating layer
30. The mask pattern (not shown) may have an opening
exposing a portion of the msulating layer 30. The insulating
layer 30 and the semiconductor layer 10 may be sequentially
ctched using the mask pattern as an etch mask to form the
via-hole 32. In addition, a portion of the insulating layer
included 1n the mterconnection structure 20 may be further
ctched to expose the metal interconnection 22. Thus, the
metal mterconnection 22 may be exposed through the via-
hole 32.

Referring again to FIG. 3, a through-via 33 may be
formed 1n the wvia-hole 32. The through-via 33 may be
formed by filling the via-hole 32 with a conductive material.
A pad 35 may be formed on the msulating layer 30. In some
embodiments, a conductive layer may be formed on the
through-via 33 and a top surface of the insulating layer 30,
and a patterning process may be performed on the conduc-
tive layer to form the pad 35.

In some embodiments, the pad 35 and the through-via 33
may be formed at the same time. In detail, a conductive layer
may be formed on the msulating layer 30 to {ill the via-hole
32 and to cover the top surface of the msulating layer 30, and
a patterning process may be performed on the conductive
layer. Thus, the through-via 33 may be formed in the
via-hole 32 and the pad 35 may be formed on the 1nsulating
layer 30. The through-via 33 and a pad 35 may include a
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conductive material. The pad 35 and the through-via 33 may
include the same conductive material or different conductive

materials from each other. For example, each of the through-
via 33 and the pad 35 may include at least one of copper
(Cu), aluminum (Al), gold (Au), titamium (1), tantalum
(Ta), and/or tungsten (W), among others.

FIGS. 10A to 10E are cross-sectional views taken along
the line I-I' of FIG. 1 or 2 to illustrate some embodiments of

methods of manufacturing the semiconductor device illus-

trated i FIG. 3. In the present embodiments, the same
elements as described in the embodiments of FIGS. 9A to

9D will be 1indicated by the same reference numerals or the

same reference designators, and the descriptions to the same
clements as 1n the embodiments of FIGS. 9A to 9D will be
omitted or mentioned briefly for the purpose of ease and
convenience 1n explanation.

Referring to FIG. 10A, the semiconductor layer 10 may
be provided. The interconnection structure 20 may be
formed on the second surface 1056 of the semiconductor
layer 10. The mterconnection structure 20 may include a
plurality of msulating layers and a plurality of metal inter-
connections 22.

Referring to FIG. 10B, a portion of the semiconductor
layer 10 may be etched from the first surface 10a of the
semiconductor layer 10 to form an 1solation trench 14 1n the
semiconductor layer 10. The portions of the semiconductor
layer 10 may be etched until the insulating layer of the
interconnection structure 20 1s exposed, thereby forming the
1solation trench 14. In some embodiments, the 1solation
trench 14 may include the first trenches 14a and the second
trenches 1454, as 1llustrated 1n FIG. 1. The 1solation trench 14
may have a gnd structure when viewed from a plan view.

Referring to FI1G. 10C, a trench nsulating layer 15 may be
tformed on the first surface 10a of the semiconductor layer
10. The trench insulating layer 15 may {ill the isolation
trench 14 and may cover the first surface 10a of the
semiconductor layer 10. In some embodiments, forming the
trench 1insulating layer 15 may include forming a liner
insulating layer conformally covering an inner surface of the
1solation trench 14 on the first surface 10a of the semicon-
ductor layer 10, and forming a gap-fill layer filling the
1solation trench 14 on the liner insulating layer.

Referring to FIG. 10D, the trench nsulating layer 15 may
be etched to confinedly form an isolation layer 16 1n the
isolation trench 16. The trench insulating layer 15 may be
ctched by a CMP process and/or an etch-back process.

An msulating layer 30 may be formed on the first surface
10a of the semiconductor layer 10 having the 1solation layer
16. The nsulating layer 30 may cover an entire portion of
the first surface 10a of the semiconductor layer. The insu-
lating layer 30 may cover a top surface of the 1solation layer
16.

Referring to FIG. 10E, a via-hole 32 may be formed 1n the
semiconductor layer 10. At least one of the metal 1ntercon-
nections 22 may be exposed through the via-hole 32.

Referring again to FIG. 3, the through-via 33 may be
formed 1n the via-hole 32, and the pad 35 being 1n contact
with the through-via 33 may be formed on the insulating
layer 30.

FIGS. 11A to 11D are cross-sectional views taken along
the line I-I' of FIG. 1 or 2 to illustrate some embodiments of
methods of manufacturing the semiconductor device illus-
trated in FIG. 4. In the present embodiments, the same
clements as described in the embodiments of FIGS. 9A to
9D will be indicated by the same reference numerals or the
same reference designators, and the descriptions to the same
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clements as 1n the embodiments of FIGS. 9A to 9D will be
omitted or mentioned briefly for the purpose of ease and
convenience 1n explanation.

Referring to FIG. 11A, a first substrate 100 may be
prepared. The first substrate 100 may include a semicon-
ductor layer 10 and an interconnection structure 20. In some
embodiments, the first substrate 100 may include elements
(e.g., transfer gates) ol a pixel circuit or may include
memory elements of a memory circuit. In some embodi-
ments, the first substrate 100 may include the elements of the
pixel circuit and logic elements (e.g., a vertical driving
circuit, a column signal processing circuit, a horizontal
driving circuit, and/or a system control circuit) for driving
the elements of the pixel circuit. In some embodiments, the
first substrate 100 may include the memory elements of the
memory circuit and memory logic elements driving the
memory elements.

An etching process may be selectively performed on the
second surface 1056 of the semiconductor layer 10 to form an
isolation trench 14 in the semiconductor layer 10. The
isolation trench 14 may have a grid structure when viewed
from a plan view. An 1solation layer 16 may be formed 1n the
1solation trench 14. The 1solation layer 16 may be formed by
filling the 1solation trench 14 with one or more layers. The
isolation layer 16 may include the first 1solation layers 16a
and the second 1solation layers 165 1illustrated 1n FIG. 1 or
2. The 1solation layer 16 may have a grid structure when
viewed from a plan view.

The interconnection structure 20 may be formed on the
second surface 105 of the semiconductor layer 10. The
interconnection structure 20 may be formed by stacking a
plurality of msulating layers and a plurality of metal inter-
connections 22.

A second substrate 200 may be adhered to the msulating
layer of the first substrate 100. The second substrate 200 may
be adhered to the interconnection structure 20 by an adhe-
sive layer 51. In some embodiments, the second substrate
200 may include the logic elements for driving the elements
of the pixel circuit. In some embodiments, the second
substrate 200 may include the memory logic elements for
driving the memory elements. In some embodiments, the
second substrate 200 may be a dummy substrate. The second
substrate 200 may include a metal interconnection 42. In
some embodiments, the metal interconnection 42 may be
clectrically connected to a semiconductor integrated circuit
included 1n the second substrate 200.

Referring to FIG. 11B, the first surface 10a of the semi-
conductor layer 10 may be etched until the 1solation layer 16
1s exposed.

Referring to FIG. 11C, an imsulating layer 30 may be
formed on the first surface 10a of the semiconductor layer
10. The msulating layer 30 may cover an entire portion of
the first surface 10a of the semiconductor layer 10.

Reterring to FIG. 11D, a via-hole 52 may be formed in the
first substrate 100. In some embodiments, a mask pattern
(not shown) having an opening exposing a portion of the
insulating layer 30 may be formed on the insulating layer 30.
The insulating layer 30, the semiconductor layer 10, the
interconnection structure 20, and the adhesive layer 51 may
be sequentially etched using the mask pattern as an etch
mask to form the via-hole 52. A portion of the second
substrate 200 may be further etched to expose the metal
interconnection 42. Thus, the metal interconnection 42 may
be exposed through the via-hole 52.

Referring again to FIG. 4, the through-via 53 may be
formed 1n the wvia-hole 52. The through-via 53 may be
tormed by filling the via-hole 52 with a conductive matenal.
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The pad 35 being 1n contact with the through-via 53 may be
formed on the nsulating layer 30.

FIG. 12 1s a schematic plan view illustrating a semicon-
ductor device according to some embodiments of the inven-
tive concepts. FIG. 13 1s an enlarged view of a portion ‘A’
of FIG. 12. FIG. 14 1s a cross-sectional view taken along
lines IV-IV' and V-V' of FIG. 13 to 1llustrate a semiconduc-
tor device according to some embodiments of the mnventive
concepts.

Referring to FIGS. 12 to 14, a semiconductor device 1000
according to the present embodiments may be an image
sensor 1000. The image sensor 1000 may include a semi-
conductor layer 10 including a pixel area AR2 and a pad area
AR1 disposed around the pixel area AR2. Pads 35 and
through-vias 33 being 1n contact with the pads 35 may be
disposed in the pad area AR1 of the image sensor 1000. The
pads 35 may be arranged along an edge of the pixel area AR2
of the semiconductor layer 10. The pads 35 may be electri-
cally insulated from each other. The pads 35 may have
potentials different from each other. The pixel area AR2 of
the semiconductor layer 10 may be an active pixel array
region. The pixel area AR2 of the semiconductor layer 10
may include unit pixels.

Referring to FIGS. 13 and 14, the semiconductor layer 10
may be provided. The semiconductor layer 10 may be a
single-crystalline semiconductor substrate or may be an
epitaxial layer formed by an epitaxial growth process. The
semiconductor layer 10 may include a first surtace 10a and
a second surface 105 that are opposite to each other. The first
surface 10a of the semiconductor layer 10 may correspond
to a back surface of the semiconductor layer 10, and the
second surface 105 of the semiconductor layer 10 may
correspond to a front surface of the semiconductor layer 10.
The first surface 10a of the semiconductor layer 10 may be
a surface on which light 1s incident.

An 1solation layer 16 penetrating the semiconductor layer
10 may be disposed in the pad area AR1. The i1solation layer
16 may be provided 1n plurality in the pad area AR1, and the
plurality of 1solation layers 16 may correspond to the pads
35, respectively. FIG. 13 illustrates the pad area AR1 cor-
responding to one pad 35. In some embodiments, the 1so-
lation layer 16 corresponding to one pad 35 may include first
1solation layers 16a extending a first direction X and second
1solation layers 165 extending 1n a second direction Y to
intersect the first 1solation layers 16a. The first 1solation
layers 16a may cross the second 1solation layers 165, so the
isolation layer 16 may have a grid structure when viewed
from a plan view. In some embodiments, the 1solation layer
16 may have the gnd structure having a polygonal shape or
a circular shape. However, embodiments of the inventive
concepts are not limited to the shape of the 1solation layer
16. The 1solation layer 16 may have at least one of other
various shapes. The isolation layer 16 may include one or
more layers. For example, the 1solation layer 16 may include
at least one of a silicon oxide layer, a silicon nitride layer, a
silicon oxynitride layer, and/or a poly-silicon layer, among
layers.

In the pad area AR1, the semiconductor layer 10 may
include unit regions UR. The umit regions UR may be
defined by the 1solation layer 16. The unit regions UR of the
semiconductor layer 10 in the pad area AR1 may be arranged
in a matrix form when viewed from a plan view. The unit
regions UR may include first unmit regions UR1 1n which the
through-vias 33 are disposed, and second unit regions UR2
in which the through-via 33 is not disposed.

The through-via 33 may be provided in the semiconductor
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penetrate the semiconductor layer 10 of the pad area AR1.
The through-via 33 may be provided 1n plurality. In some
embodiments, the through-vias 33 may be disposed in the
first unit regions UR1, respectively. In some embodiments,
one or more through-vias 33 may be disposed 1n one first
unit region UR1. For example, a plurality of through-vias 33
may be disposed 1n one first unit region UR1. At this time,
the plurality of through-vias 33 disposed in one first unit
region UR1 may be spaced apart from each other. In some
embodiments, the number of the first unit regions UR1 may
be smaller than the number of the second umit regions UR2.

The through-via 33 may include a conductive matenial.
For example, the through-via 33 may include at least one of
copper (Cu), aluminum (Al), gold (Au), titantum (11), tan-
talum (Ta), or tungsten (W).

A pixel 1solation layer 116 penetrating the semiconductor
layer 10 may be disposed 1n the pixel area AR2. The pixel
1solation layer 116 may include first pixel isolation layers
116a extending the first direction X and second pixel 150-
lation layers 1165 extending in the second direction Y to
intersect the first pixel isolation layers 116a. The first pixel
isolation layers 116a may cross the second pixel 1solation
layers 1165. The pixel i1solation layer 116 may have a gnd
structure when viewed from a plan view. In some embodi-
ments, the pixel i1solation layer 116 may have the same

structure as the 1solation layer 16 when viewed from a plan
VIEW.

The pixel 1solation layer 116 may include the same
material as the 1solation layer 16. For example, the pixel
1solation layer 116 may 1nclude at least one of a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, and/or
a poly-silicon layer, among others.

The pixel 1solation layer 116 may define a plurality of unit
pixel regions PX 1n the pixel area AR2 of the semiconductor
layer 10. The unit pixel regions PX may be arranged 1n a
matrix form when viewed from a plan view.

A photoelectric conversion element PD may be disposed
in the semiconductor layer 10 of each of the umit pixel
regions PX. For example, the photoelectric conversion ele-
ment PD may be doped with N-type dopants. Even though
not shown 1n the drawings, a floating diflusion region (not
shown) may be disposed 1n the semiconductor layer 10 of
cach of the unit pixel regions PX. The floating diffusion
region may be doped with N-type dopants.

In the unit pixel region PX, a transier gate TG may be
disposed on the second surface 106 of the semiconductor
layer 10. The transier gate TG may be disposed on the
second surface 105 between the photoelectric conversion
clement PD and the floating diffusion region. The transfer
gate TG may transier charges accumulated 1n the photoelec-
tric conversion element PD 1nto the floating diffusion region.
The transfer gate TG may be one of elements of a pixel
circuit.

An mterconnection structure 20 may be disposed on the
second surface 106 of the semiconductor layer 10. The
interconnection structure 20 may include msulating layers
and metal interconnections 22 which constitute a multi-
layered structure. One of the insulating layers of the inter-
connection structure 20 may cover the transfer gate TG. In
some embodiments, some of the metal interconnections 22
may be disposed in the interconnection structure 20 of the
pad area AR1. At least one of the metal interconnections 22
may be 1n contact with the through-via 33. At thus time, the
through-via 33 may penetrate an upper portion of the
interconnection structure 20 so as to be 1 contact with the
metal imterconnection 22.
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An msulating layer 30 may be disposed on the first surface
10a of the semiconductor layer 10. The insulating layer 30
may cover an entire portion of the first surface 10a of the
semiconductor layer 10. Thus, the insulating layer 30 may
cover a top surface of the 1solation layer 16 and a top surface
of the pixel 1solation layer 116, which are exposed at the first
surface 10a of the semiconductor layer 10. The insulating
layer 30 disposed on the semiconductor layer 10 in the pad
area AR1 may electrically insulate the pad 35 from the
semiconductor layer 10 of the pad area AR1. On the con-
trary, the msulating layer 30 disposed on the semiconductor
layer 10 1n the pixel area AR2 may function as an anti-
reflection layer.

The 1nsulating layer 30 may include the same material as
the 1solation layer 16 and the pixel 1solation layer 116. In
some embodiments, the insulating layer 30 may include a
different material from the 1solation layer 16 and the pixel
1solation layer 116. For example, the insulating layer 30 may
include at least one of a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, and/or a high-k dielectric
layer (e.g., a haintum oxide layer or an aluminum oxide
layer), among others.

The pad 35 may be disposed on the mnsulating layer 30 in
the pad area AR1. The pad 35 may cover a portion of the
insulating layer 30 disposed on the semiconductor layer 10
in the pad area AR1. In some embodiments, the pad 35 may
be surrounded by the 1solation layer 16 when viewed from
a plan view. The pad 35 may be in contact with the
through-via 33, and thus, the pad 35 may be clectrically
connected to the metal interconnection 22 through the
through-via 33.

A protection layer 130 may be disposed on the semicon-
ductor layer 10. The protection layer 130 may expose a
portion of the pad 35 and may cover the rest portion of the
pad 35 and the insulating layer 30. The protection layer 130
may include an insulating material (e.g., silicon nitride).

Color filters 135 may be disposed on the protection layer
130 of the pixel area AR2. The color filters 135 may face the
unit pixel regions PX, respectively. In other words, each of
the color filters 135 may be disposed to correspond to each
of the photoelectric conversion elements PD. Micro-lenses
140 may be disposed on the color filters 135.

FIG. 15 1s a cross-sectional view taken along the lines
IV-IV' and V-V' of FIG. 13 to illustrate a semiconductor
device according to some embodiments of the inventive
concepts. In the present embodiments, the same elements as
described 1n the embodiments of FIG. 14 will be indicated
by the same reference numerals or the same reference
designators, and the descriptions to the same elements as 1n
the embodiments of FIG. 14 will be omitted or mentioned
briefly for the purpose of ease and convenience 1n explana-
tion.

Referring to FIG. 15, a second substrate 200 may be
provided on a first substrate 100. The first substrate 100 may
include a semiconductor layer 10 and an interconnection
structure 20. In some embodiments, the first substrate 100
may include elements (e.g., the transfer gates TG) of the
pixel circuits. In some embodiments, the first substrate 100
may include the elements (e.g., the transfer gates TG) of the
pixel circuits and logic elements (e.g., a vertical driving
circuit, a column signal processing circuit, a horizontal
driving circuit, and/or a system control circuit) for driving
the elements of the pixel circuits.

The second substrate 200 may be adhered to the first
substrate 100. In some embodiments, the second substrate
200 may be adhered to the mterconnection structure 20 of
the first substrate 100 by an adhesive layer 51. In some
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embodiments, the second substrate 200 may include the
logic elements (e.g., the vertical driving circuit, the column
signal processing circuit, the horizontal driving circuit,
and/or the system control circuit) for driving the elements
(e.g., the transier gates TG) of the pixel circuits disposed on
the first substrate 100. In some embodiments, the second
substrate 200 may be a dummy substrate. The second
substrate 200 may include a metal interconnection 42. The
metal interconnection 42 may be disposed in the second

substrate 200 of the pad area ARI.

The through-via 53 may penetrate the first substrate 100
so as to be connected to the metal interconnection 42 of the
second substrate 200. In some embodiments, the through-via
53 may penetrate the semiconductor layer 10, the intercon-
nection structure 20, and the adhesive layer 51 so as to be in
contact with the metal interconnection 42.

FIG. 16 15 a plan view 1llustrating a semiconductor device
according to some embodiments of the mventive concepts.
FIG. 17 1s a cross-sectional view taken along lines VI-VT'
and VII-VII' of FIG. 16 to illustrate a semiconductor device
according to some embodiments of the mventive concepts.
In the present embodiments, the same elements as described
in the embodiments of FIGS. 13 and 14 will be indicated by
the same reference numerals or the same reference desig-
nators, and the descriptions to the same elements as in the
embodiments of FIGS. 13 and 14 will be omitted or men-
tioned briefly for the purpose of ease and convenience in
explanation.

Referring to FIGS. 16 and 17, an isolation layer 16 of
FIGS. 16 and 17 may have a different structure from the
isolation layer 16 illustrated in FIGS. 13 to 14. In some
embodiments, the 1solation layer 16 according to the present
embodiments may have a loop shape surrounding each of
the pads 35 when viewed from a plan view. A via 1solation
layer 56 may penetrate the semiconductor layer 10 and may
surround the through-via 33. The via 1solation layer 56 may
include a first via isolation layer 36a and a second wvia
isolation layer 565. The first via 1solation layer 56a may
surround the through-via 33, and the second wvia 1solation
layer 565 may surround the first via 1solation layer 56a. The
second via 1solation layer 565 may be disposed between the
first via 1solation layer 56a and the 1solation layer 16. The
via 1solation layer 56 may include one or more layers. For
example, the via 1solation layer 56 may include at least one
of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, or a poly-silicon layer.

FIGS. 18A to 18G are cross-sectional views taken along
the lines IV-IV' and V-V' of FIG. 13 to illustrate methods of
manufacturing a semiconductor device according to some
embodiments of the inventive concepts. In the present
embodiments, the same elements as described 1n the
embodiments of FIGS. 9A to 9D will be indicated by the
same reference numerals or the same reference designators,
and the descriptions to the same elements as 1n the embodi-
ments of FIGS. 9A to 9D will be omitted or mentioned
briefly for the purpose of ease and convemence in explana-
tion.

Referring to FIG. 18A, a semiconductor layer 10 may be
provided. The semiconductor layer 10 may include a first
surtace 10a and a second surface 10b.

Photoelectric conversion elements PD may be formed 1n
the semiconductor layer 10. The photoelectric conversion
clements PD may be formed by performing an 1on implan-
tation process on the second surface 105 of the semicon-
ductor layer 10. The photoelectric conversion elements PD
may be doped with, for example, N-type dopants.
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An 1solation layer 16 may be formed 1n the semiconductor
layer 10 of the pad area AR1. A portion of the semiconductor
layer 10 of the pad area AR1 may be selectively etched from
the second surface 105 to form an 1solation trench 14 1n the
semiconductor layer 10, and the i1solation trench 14 may be
filled with an 1nsulating matenal, thereby forming the 1so-
lation layer 16. As 1llustrated in FIG. 13, the isolation layer
16 may include the first 1solation layers 16a extending 1n the
first direction X and the second 1solation layers 165 extend-
ing in the second direction Y to intersect the first 1solation
layers 16a. The i1solation layer 16 may have a grid structure
when viewed from a plan view. The 1solation layer 16 may
define a plurality of unit regions UR 1n the semiconductor
layer 10 of the pad area AR1.

A pixel 1solation layer 116 may be formed in the semi-
conductor layer 10 of the pixel area AR2. A portion of the
semiconductor layer 10 of the pixel area AR2 may be
selectively etched from the second surface 106 to form a
pixel trench 113 in the semiconductor layer 10, and the pixel
trench 113 may be filled with an 1nsulating matenal, thereby
forming the pixel 1solation layer 116. For example, the pixel
isolation layer 116 may 1nclude at least one of a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, and/or
a poly-silicon layer, among others. As illustrated 1n FIG. 13,
the pixel isolation layer 116 may include the first pixel
1solation layers 116a extending in the first direction X and
the second pixel isolation layers 1165 extending in the
second direction Y to intersect the first pixel 1solation layers
116a.

The pixel 1solation layer 116 may be formed simultane-
ously with the 1solation layer 16 or may be formed by an
additional process. The pixel 1solation layer 116 may have a
orid structure when viewed from a plan view. The pixel
isolation layer 116 may define a plurality of unit pixel
regions PX in the semiconductor layer 10 of the pixel area
AR2. The pixel 1solation layer 116 may physically separate
the photoelectric conversion elements PD from each other.

Transfer gates TG may be formed on the second surface
106 of the semiconductor layer 10. The transier gates TG
may be disposed on the second surface 1056 of the semicon-
ductor layer 10 to correspond to the unit pixel regions PX,
respectively.

An 1nterconnection structure 20 may be formed on the
second surface 105 of the semiconductor layer 10. The
interconnection structure 20 may be formed by stacking a
plurality of msulating layers and a plurality of metal inter-
connections 22. At least one of the insulating layers of the
interconnection structure 20 may cover the transier gates
T1G.

Referring to FI1G. 18B, the semiconductor layer 10 and the
interconnection structure 20 may constitute a first substrate
100. A second substrate 200 may be stacked on the inter-
connection structure 20. The second substrate 200 may be
adhered to the interconnection structure 20 by means of an
adhesive layer 51. The second substrate 200 may include a
metal interconnection 42. The metal interconnection 42 may
vertically overlap with the semiconductor layer 10 of the pad
area ARI1.

Referring to FIG. 18C, the first surface 10a of the semi-
conductor layer 10 may be etched until the 1solation layer 16
and the pixel 1solation layer 116 are exposed. The etching
process may include a CMP process and/or an etch-back
process.

Referring to FIG. 18D, an insulating layer 30 may be
tformed on the first surface 10a of the semiconductor layer
10. The msulating layer 30 may cover an entire portion of
the first surface 10a of the semiconductor layer 10. The
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insulating layer 30 may cover a top surface of the 1solation
layer 16, a top surface of the pixel 1solation layer 116, and
the photoelectric conversion elements PD. For example, the
insulating layer 30 may include at least one of a silicon oxide
layer, a silicon nitride layer, a silicon oxymitride layer, and/or
a high-k dielectric layer (e.g., a halnium oxide layer or an
aluminum oxide layer), among others.

Referring to FIG. 18E, a via-hole 32 may be formed in the
semiconductor layer 10. In detail, the via-hole 32 may be
formed 1n the semiconductor layer 10 of the pad area AR1.
A portion of the mterconnection structure 20 and a portion
of an upper portion of the second substrate 200 may be
turther etched to expose the metal imnterconnection 42. As a
result, the metal interconnection 42 of the second substrate
200 may be exposed through the via-hole 32.

Referring to FIG. 18F, a conductive layer 115 may be
formed to fill the via-hole 32 and to cover the insulating
layer 30. The conductive layer 115 may cover the insulating
layer 30 of the pad area AR1 and the insulating layer 30 of
the pixel area AR2. For example, the conductive layer 115
may include at least one of copper (Cu), aluminum (Al),
gold (Au), titanium (11), tantalum ('Ta), and/or tungsten (W),
among others.

Referring to FIG. 18G, a polishing process may be
performed on the conductive layer 115 to form a through-via
33 in the via-hole 32. A pad 35 may be formed on the
through-via 33. The pad 35 may be formed on the first
substrate 100 of the pad area AR1. For example, the pad 35
may include at least one of copper (Cu), aluminum (Al),
gold (Au), titantum (11), tantalum (Ta), and/or tungsten (W),
among others.

Referring again to FIG. 135, a protection layer 130 may be
formed on the first substrate 100 of the pad areca AR1 and the
pixel area AR2 and may expose a portion of the pad 35. The
protection layer 130 may cover the insulating layer 30 of the
pixel area AR2, the insulating layer 30 of the pad area AR1,
and another portion of the pad 35. For example, the protec-
tion layer 130 may include at least one of a silicon oxide
layer, a silicon nitride layer, and/or a silicon oxynitride layer,
among others.

Color filters 135 may be formed on the first substrate 100
of the pixel area AR2. The color filters 135 may be formed
on the unit pixel regions PX, respectively. Micro-lenses 140
may be formed on the color filters 135, respectively.

The semiconductor device according to embodiments of
the inventive concepts may include the 1solation layer pen-
etrating the semiconductor layer and surrounding the pad
disposed on the semiconductor layer in a plan view. Thus,
even though the mnsulating layer between the semiconductor
layer and the pad 1s damaged to generate a leakage current
between the pad and the semiconductor layer, the 1solation
layer may prevent the leakage current from flowing to a
neighboring pad through the semiconductor layer. As a
result, a vield and reliability of the semiconductor device
may be improved.

While the mventive concepts have been described with
reference to example embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirits and
scopes ol the mventive concepts. Therefore, 1t should be
understood that the above embodiments are not limiting, but
illustrative. Thus, the scopes of the inventive concepts are to
be determined by the broadest permissible mterpretation of
the following claims and their equivalents, and shall not be
restricted or limited by the foregoing description.
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What 1s claimed 1s:

1. A semiconductor device comprising;:

a pad on a semiconductor layer;

an insulating layer that 1s between the semiconductor

layer and the pad;
a through-via that penetrates the semiconductor layer and
the insulating layer and that 1s connected to the pad; and

an 1solation layer that penetrates the semiconductor layer
and that surrounds the pad when viewed from a plan
view,
wherein the isolation layer comprises:
first 1solation layers that extend 1n a first direction and that
are arranged 1n a second direction intersecting the first
direction, wherein the first 1solation layers are spaced
apart from each other in the second direction; and

second 1solation layers that extend 1n the second direction
and that intersect the first 1solation layers, wherein the
second 1solation layers are spaced apart from each other
in the first direction, wherein the isolation layer has a
orid structure when viewed from a plan view.

2. The semiconductor device of claim 1, wherein the
semiconductor layer comprises unit regions that are defined
by the 1solation layer, and

wherein the unit regions are arranged 1n a matrix form.

3. The semiconductor device of claim 2, wherein the unit
regions include first unit regions and second unit regions,

wherein the through-via 1s 1n each of the first unit regions

of the semiconductor layer but 1s not in the second unit
regions of the semiconductor layer, and

wherein a quantity of the first unit regions 1s smaller than

a quantity of the second unit regions.

4. The semiconductor device of claim 3, wherein one or
more through-vias are 1n one of the first unit regions.

5. The semiconductor device of claim 3, wherein one
through-via 1s 1n each of the first unit regions.

6. The semiconductor device of claim 1, wherein the
semiconductor layer comprises a pixel area and a pad area
that 1s around the pixel area,

wherein the pad comprises a plurality of pads that are on

a first surface of the semiconductor layer of the pad
area, and

wherein the plurality of pads are arranged to surround the

pixel area when viewed from a plan view.

7. The semiconductor device of claim 6, further compris-
ng:

an 1nterconnection structure that 1s on a second surface of

the semiconductor layer that 1s opposite the first surface
of the semiconductor layer,

wherein the interconnection structure comprises a metal

interconnection, and

wherein the through-via contacts the metal 1interconnec-

tion.

8. The semiconductor device of claim 1, wherein the
semiconductor layer comprises a unit region that 1s defined
by the 1solation layer,

wherein the pad comprises:

a first portion that overlaps the unit region of the
semiconductor layer; and

a second portion that does not overlap the unit region
of the semiconductor layer,

wherein the second portion of the pad surrounds the first

portion of the pad when viewed from a plan view.

9. The semiconductor device of claim 1, wherein the
semiconductor layer comprises:

a first portion, wherein the pad 1s on the first portion; and

a second portion that 1s around the first portion,
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wherein the first portion of the semiconductor layer has an
1sland shape that 1s separated from the second portion
of the semiconductor layer by the 1solation layer.

10. A semiconductor device comprising:

a semiconductor layer that comprises a pixel area and a
pad area that 1s around the pixel area;

a pixel 1solation layer that penetrates the semiconductor
layer of the pixel area to define unit pixel regions;

a plurality of photoelectric conversion elements that are 1n
the unit pixel regions;

a plurality of through-vias that penetrate the semiconduc-
tor layer of the pad area;

a plurality of pads that are on the semiconductor layer of
the pad area and that are 1n contact with ones of the
plurality of through-vias; and

a pad 1solation layer that penetrates the semiconductor
layer of the pad area to surround each of the pads when
viewed from a plan view.

11. The semiconductor device of claim 10, wherein the

pad 1solation layer comprises:

first 1solation layers that extend in one direction and that
are arranged in parallel with one another; and

second 1solation layers that intersect the first 1solation
layers,

wherein the pad 1solation layer has a gnid structure when
viewed from a plan view.

12. The semiconductor device of claim 11, wherein the
semiconductor layer of the pad area includes unit regions
that are defined by the pad 1solation layer,

wherein the unit regions of the pad area are arranged 1n a
matrix form, and

wherein the unit pixel regions ol the pixel area are
arranged 1n a matrix form.

13. The semiconductor device of claim 10, further com-

prising:

a via 1solation layer that penetrates the semiconductor
layer of the pad area and that surrounds the through-via
connected to each of the pads,

wherein the via 1solation layer 1s between the through-via
and the pad 1solation layer.

14. A semiconductor device comprising:

a pixel 1solation layer that penetrates a pixel area of a
semiconductor layer and that 1s between a plurality of
unit pixel regions 1n the pixel area;

a plurality of through-vias that penetrate a pad area of the
semiconductor layer that i1s different from the pixel
area;

a plurality of pads that are in contact with ones of the
plurality of through-vias; and

a pad 1solation layer that penetrates the semiconductor
layer of the pad area and that surrounds ones of the
plurality of pads when viewed from a plan view.

15. The semiconductor device of claim 14, further com-
prising a plurality of photoelectric conversion elements that
are 1n the unit pixel regions.

16. The semiconductor device of claim 14, wherein the
pad area 1s around the pixel area,

wherein the plurality of pads are on a first surface of the
semiconductor layer of the pad area and are arranged to
surround the pixel area when viewed from a plan view,
the device further comprising:
an interconnection structure that 1s on a second surface

of the semiconductor layer that 1s opposite the first
surface ol the semiconductor layer and that com-
prises a metal mterconnection that contacts ones of
the plurality of through-vias.
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17. The semiconductor device of claim 14,
wherein the pad 1solation layer comprises:
first 1solation layers that extend 1n a first direction and
that are arranged in parallel with one another; and
second 1solation layers that are extend i a second
direction that 1s different from the first direction and
that intersect the first 1solation layers.
18. The semiconductor device of claim 14, further com-
prising an msulating layer that 1s between the semiconductor
layer and the plurality of pads.
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